The aim of the work was to find out what is the prevalence and burden of Campylobacter sp. in the poultry exudates, what are the predominant species, how diverse they are, and can poultry exudates be considered as the essential carriers of campylobacters posing a health risk of campylobacteriosis in Poland. Broilers' and turkeys' exudates, collected directly from the bulk containers at the day of delivery were subjected to pre-enrichment and direct plate counting according to ISO 10272 (1995) with presumptive C. jejuni strains subjected to confirmatory genetic identification by the nested PCR and RAPD typing. The results indicated that over 90% of the exudates tested carried Campylobacter sp., with their number being significantly higher in broilers' (10 3 to10 5 cfu mL -1 ) compared to turkeys' (10 2 to 10 4 cfu mL -1 ) (P≤0.05), and essentially higher (P≤0.05) for the broiler parts' "skin on" exudates. C. jejuni was the only species present in the turkeys' and predominant in broilers' parts' exudates. RAPD-typing of the isolates revealed 14 distinct RAPD types with the majority of C. jejuni isolates considered to be closely related.
Shedded by asympthomatic birds from rearing farm to slaughter and cross-contaminating raw poultry along the processing and distribution chains, campylobacters are a frequent cause of foodborne infections in humans, with C. jejuni implicated in the majority of the notified cases. Since 2005, campylobacteriosis has been the most commonly reported zoonosis in the EU (4) with the number of cases attributed to consumption of poultry accounting to 20%-30% of the annually notified and, supposedly, even higher (50% to 80%) when attributed to the chicken reservoir as a whole.
Growing interest of consumers in nutritious, quick to fix, versatile, and economic food resulted in dynamic increase in the production scale and popularity of poultry meat worldwide. In Poland, for instance, between 2000 and 2008 poultry meat production was doubled (from 579,000 to 1,171,000 tonnes) and the per capita consumption increased from 14.5 kg to 24.1 kg (6) . Around two third of the annual poultry production in Poland enters the market and is sold in portions like fillets, whole/half carcasses, etc., both fresh or frozen, either individually packed or in the bulk containers.
Recognised as one of the main reservoirs to campylobacters, poultry has been a matter of interest to numerous surveys, with materials tested, which were usually cloacal swabs, droppings, carcass rinses, skin, poultry parts, or caecum. However, only a few studies investigated poultry exudates (5, 17) , and none of them were performed in Poland. Poultry exudate comprising a mixture of meat juice, blood, and water, when cumulated in individual or bulk containers at retail, may favour campylobacters' survival and enable their spread, as well as cross-contamination of other food products. Furthermore, consumers are directly or indirectly exposed to the exudates at retail shops or in their own kitchens.
Since it has become a routine practice in Poland for the suppliers to deliver fresh poultry meat to retail shops in the bulk containers with ice -rinsing poultry when melting, the aim of the present study was to find out what is the prevalence and burden of Campylobacter sp. in poultry exudates at the point of delivery to retail outlets, what are the dominant species, how diverse they are, and what is the possible scale of contamination.
Material and Methods
Sampling. Poultry exudates were collected directly from the bulk polyethylene containers, at chill room of one popular butcher's shop on the day of delivery. Each of the standard transport cases, contained ~15 kg of fresh raw poultry parts, covered with ice flakes. The suppliers of the fresh poultry parts were three wholesalers operating in the West Pomeranian District, Poland.
The exudate samples were pipetted directly from the bulk containers into sterile jars, transported to the laboratory in a cooling box (~4 0 C) and subjected to analysis within 2-3 h. A total of 82 poultry exudate samples, 56 from broilers' (whole broilers, legs, breast fillets, carcasses, wings, quarters) and 26 from turkeys (thighs, breast fillets, stew cuts) were collected, with the sample volume ranging from 50 to 200 ml depending on the amount of fluid in the bulk containers.
Enumeration and isolation of campylobacters. The presence and number of Campylobacter sp. in the exudate samples were estimated by simultaneous 24-48 h of pre-enrichment of undiluted 1 ml samples in 10 ml Preston broth supplemented with sterile lysed defibrinated horse blood and antibiotic solution (SR 204E, Oxoid) prior to isolation on modified cefoperazone charcoal desoxycholate agar (mCCDA), and by direct plate count method on mCCDA medium according to ISO 10272:1995 (7). Undiluted exudates and their serial 10-fold dilutions in buffered peptone water were spread on mCCDA medium in triplicate and incubated at 37°C under microaerophilic atmosphere for 48 h. The detection level of the methods was 1 cfu mL 1 . Typically growing colonies were counted, selected randomly, an subjected to identification according to ISO 10272: 1995.
Strains identified as C. jejuni were subjected to confirmatory genetic identification and RAPD typing. Prior to genetic typing, strains were stored in AUX Medium (apiCAMPY, bioMerieux) supplemented with 10% glycerol at -20°C, then resuscitated in Preston broth with 5% lysed horse blood (37 0 C/24-48 h, microaerophilic conditions), subcultured on Preston agar (Oxoid-CM 589) with 5% blood (37 0 C/24-48 h, microaerophilic conditions), and resuspended in buffered physiological saline (BPS) to a turbidity 4-6 (Mc Farland's scale).
Genetic identification and RAPD typing of C. jejuni isolates. DNA of presumptive C. jejuni isolates was extracted from the cells from a 24 h culture at the Preston agar (CM589 Oxoid), and resuspended in 2 ml of BPS, using QIAamp DNA Mini Kits (QIAGEN, Germany) according to the manufacturer's instructions.
The correctness of biochemical identification of C. jejuni isolates was confirmed by the nested PCR in two consecutive reactions with two pairs of primers: C-1 (CAA ATA AAG TTA GAG GTA GAA TGT) + C-4 (GGA TAA GCA CTA GCT AGC TGA T) and C-1 + C-2 (GCA CGC CTA AAC CTA TAG C) (21) .
For RAPD PCR typing of C. jejuni isolates, the BOXA1R primer (5'-CTA CGG CAA GGC GAC GCT GAC G -3'; TIB MOLBIOL, Poland) was chosen (selected from the set of 20 primers) for its best readability, the number of amplified products and a variety of electrophoretic pattern, which the primer has given. RAPD typing was carried out in the reaction mixture -25 µl composed of 100 mM Tris-HCl, 500 mM KCl (pH 8. C for 7 min. PCR products were separated electrophoretically in 2% agarose gel (Prona Agarose Plus) stained with ethidium bromide (0.5 μg/mL) in 1xTBE buffer, and visualised under UV light (GelDoc, BioRad). A molecular weight marker XVI (Roche) was used as a size marker for the PCR products. A relatedness level was assessed depending on a comparison of the Dice coefficient values for obtained PCR profiles (at 2%) and cluster analysis using UPGMA (unweighed pair group method with arithmetic mean) method of the BIOGENE software (Vilber-Lourmat, version 99, France).
Statistical analysis. Statistical analyses based on the one-way analysis of variance (ANOVA) and the χ 2 test (11) were used to compare the differences in the carriage rate and number of Campylobacter sp. in exudates of different poultry types and parts, with the differences considered significant at P≤0.05.
Results
Obtained results confirmed that 74 exudate samples (90.2%) of 82 poultry lots tested were positive for Campylobacter sp. (Table 1 ) with their prevalence and number depending on the exudate type. Along with higher prevalence and number of Campylobacter sp. in broilers' compared to turkeys' exudates, the differences noted were statistically significant (P≤0.05).
Exudates from all poultry parts, except from the breast fillets' and thighs' (data not shown), were 100% Campylobacter -positive, with spread in their number being by 1 to 2 orders of magnitude higher for the "skin on" broiler parts' exudates (Fig. 1) . The majority of broilers' exudates carried 10 3 to10 5 campylobacters (cfu mL 1 ; Table 1 ) while in most of the turkey exudates samples their number ranged from 10 2 to 10 4 cfu mL -1 .
Among 167 strains subjected to biochemical identification, the majority was classified as C. jejuni (94) with C. jejuni being the only species isolated from the turkeys' exudates. Among 143 strains isolated from broilers' exudates, the dominant species was C. jejuni (64) followed by unidentified Campylobacter sp. (34), C. coli (24), C. lari (11) , and C. upsaliensis (3) .
Most of the unidentified species (24/34) were resistant to nalidixic acid and able to hydrolise hippurate; however, they were not confirmed to be C. jejuni by the nested PCR method. Two of the isolates, identified biochemically as C. jejuni, did not revive during resuscitation process and five other isolates, from broilers' exudates, were not confirmed by genetic identification to be C. jejuni. In total, the initial identification to the species level was confirmed correctly by the nested PCR for 87 C. jejuni strains (Tables 2a and b) . The RAPD typing of 87 isolates with BOXA1R primer identified 14 distinct RAPD profiles and seven unique RAPD patterns (Fig. 2) , with the unique RAPDprofiles noted for isolates from the broilers parts' exudates only (Table 2A ). In the RAPD profiles, similarity level ≥75% was considered characteristic for close related strains and <50%, as typical for unrelated strains. The majority of C. jejuni isolates were considered to be closely related (Tables 2A and B) . Depending on the supplier and type of exudates, 77.8% (broilers' parts' from supplier I) to 87.3% (broilers' parts' from supplier R) and 100% (turkeys' parts' from supplier G) of C. jejuni isolates, were grouped into 14 clusters, including from 2 to 13 strains, with similarity levels of their genetic patterns ranging from 75% to 100% (Fig. 2) . Among the turkey' isolates, no unique RAPD type was identified (Table 2a) . A 100% of the turkey' exudates isolates (G supplier) were clustered into five RAPD-types, with only G4 (M7) including isolates from the same lot of the turkey breast fillets. Yet, the most numerous G1 RAPD type (M8) included strains from four different lots delivered in 5 months time (data not shown), most with 100% similarity in their genetic patterns.
As soon as the majority of strains were grouped, based on the same supplier origin, and not necessarily the same lot or time of delivery, few shared the RAPDpatterns with the exudates' isolates from poultry of another supplier or a poultry type (Tables 2a and b; Fig.  2) . Two of the RAPD types: R-U1 and I-U1, was acknowledged unique when clustered separately within the groups of strains of the same supplier origin -(R or I; Table 2a ), and indicated, either close relatedness with broilers' isolates from another broilers' supplier and/or different delivery lots. Based on their genetic patterns similarity, strains marked initially as an unique RAPD type I-U1 and representing genotypes R4, R5, and R6 (Table 2a) were considered closely related and placed in one M11 RAPD type, when comparing all the exudates' isolates at the retail outlet level (Table 2b) . A unique RAPD-type R-U1 was identified in the exudates from the broilers of the supplier R (Table 2a) when confronted with all the poultry C. jejuni isolates. The RAPD-type R-U1 was found to be also closely related to one of five turkey isolates (initially G2 genotype; Fig. 2 ) and was placed in M2 RAPD type (Table 2b) . M2  M3  M5  M7  M9  M10  M6  M4  M13  M8  M12  M14  M11   2  2  2  2  3  4  4  5  6  7  9  9  12  13   80 92   R1  R-U1, G2  R2  G5  G4  G2  G3  R8  R5, R6  I1  G1  R7  R3  I 
-R, G, I -suppliers of fresh poultry, (B) -broiler, (T) -turkey;
2 -M -a retail outlet the samples were collected from, 3 -number of isolates within the RAPD type (the genetic pattern relatedness ≥75%).
Discussion
The way and scale of raising poultry, birds transport, slaughter, processing steps, and distribution practices, all were confirmed to affect, to a various extent, the contamination level of raw poultry at sale with campylobacters (1, 2, 9, 12, 15) . With many transmission routes of campylobacters indicated so far, not all of them, in our opinion, have been fully recognised.
The study has indicated poultry exudates to be a frequent carrier of campylobacters in high numbers. Prevalence of Campylobacter sp., depending on the exudates' source, ranged from 80.8% for turkeys' to 94.6% for broilers' exudates (Table 1) , with their numbers in broilers' exudates up to two orders of magnitude higher in comparison to turkeys' exudates (P≤0.05). Yet, the prevalence and number of Campylobacter sp. in the "skin on" broiler parts' exudates were visibly higher compared to the skinless parts' exudates, exceeding occasionally 10 5 cfu mL -1 . Both, the incidence rate and number of campylobacters in the broiler parts' exudates were found, also, to be slightly (prevalence) or notably (number) higher compared to their prevalence and number on skin of broiler carcasses collected directly from the processing line prior to breast fillet production stage (3), suggesting poultry exudates to support better survival of these fastidious bacteria. It should be also considered that if the calculation of quantitative risk assessment addressed to human campylobacteriosis is correct, and if a 2 log increase in Campylobacter sp. number on poultry poses a 30-fold greater risk of campylobacteriosis in consumers (14) , then by ~2 log higher number of Campylobacter sp. in broilers' exudates pose much greater risk of camylobacteriosis compared to turkeys' exudates. It might have been also the case in Iceland where after a change in legislation, permitting raw chilled poultry meat to enter retail market since 1996, a drastic increase in number of campylobacteriosis cases was noted, reaching epidemic scale between 1998 and 2000, (13) . Delivered to retail outlets by different routes, usually chilled, poultry and particularly broilers' exudates make convenient vehicles to campylobacters. The bulk, transport/storage containers including ~15 kg of fresh poultry and gathering around 50 to 200 ml of drip are, in our opinion, one of such unrecognised links in spreading campylobacters. With the annual poultry production in Poland exceeding 1 million tones and a two/ third of it (~760,000 tones) entering the market fresh and in parts, a discharged exudate volume is to reach annually up to 10,000 m 3 . High exudates volume, containing a significant prevalence and number of Campylobacter sp., are drained steadily into environment, which makes the poultry exudate an important, yet overlooked, carrier of campylobacters affecting their spread and, at the same time, posing a health risk of campylobacteriosis in Poland, particularly in summer.
Though not being able to grow outside the host and at temperature below 30 0 C, campylobacters can survive considerably long in moist, cool environment, without a direct exposure to sunlight (4) . Exudates, rich in nutrients and blood comprise the environment well suited for survival of the bacteria (17) . It was noted for the number of C. jejuni, in chicken meat juice, to stay unchanged for 30 d of storage at 5 0 C (8) and for the blood to improve significantly the recovery of Campylobacter sp. from chicken carcass rinses (20) . Additionally, polyphosphates, which are permitted to be used in poultry at concentration up to 0.5% (by weight) and suggested lethal for rapidly growing campylobacters, by shifting the pH, contributed to better survival of C. jejuni/C. coli in poultry exudates (5) .
On top to high prevalence and number of campylobacters in poultry exudates our results indicated C. jejuni to be the only species present in turkeys' and broilers' exudates (49%), followed by unidentified Campylobacter sp. (24%), C. coli (17%), C. lari (8%), and C. upsaliensis (2%).
The presence of atypical campylobacters on poultry was also confirmed by others with the discrepancies in identification noted more often for Campylobacter sp. less frequently present (18, 19) . Among atypical yet confirmed C. jejuni (19) were strains hippurate-negative, catalase-negative, and cephalotin sensitive, representing several different genetic profiles (18) . Based on the above, it can be stated that atypical campylobacters are present in poultry (18, 19) and particularly in broiler exudates, with the atypical hippurate-positive and nalidixic acid resistant strains not necessarily to be C. jejuni.
RAPD PCR typing with BOXA1R primer let us to identify 14 distinct DNA profiles, with high levels of similarity within the clusters, and seven unique RAPD patterns among 87C. jejuni exudate isolates (Table 2 , Fig. 2) . It was noted for a number of C. jejuni genotypes that the RAPD patterns noticeably differed in raw poultry at retail due to the poultry origin and the method/primer used, with a higher number of unique RAPD patterns noted for samples with more diverse contamination sources considered (10, 22) . For instance, among 48 isolates from raw poultry operation 10 RAPD profiles with OPA11 primer were found with 22 distinct PCR/RFLP profiles identified among 182 C. jejuni/C. coli isolates from abbatoir waste water (1) .
A high similarity of genetic patterns of C. jejuni isolates suggested that some isolates within the identified RAPD types were closely related or even of clonal origin (22) . Genetic relatedness of C. jejuni strains may indicate for such strains to be typical for particular niche and for unique ones to stay there only temporarily (16) . It was also suggested that different C. jejuni/coli genotypes exhibit different potential to survive environmental stressors (1 Clonal groups of strains share specific characteristics advantageous for survival, such as an expression of certain, probably subtype specific, stress response genes.
Our results indicate that over 90% of poultry exudates carry Campylobacter sp. with their number ranging mostly from 10 2 to 10 4 cfu mL -1 and being significantly higher in broilers' compared to turkeys' exudates. C. jejuni appeared to be the only species present in turkeys and predominant in broilers' exudates.
Nowadays, poultry is one of the most popular raw material used commonly at homes, in food processing industry, food handlers, retailers, gastronomy, street vendors, etc. The potentially high volume of the drip makes the poultry exudate important, yet neglected, link in spreading campylobacters. A high number of C. jejuni in exudates tested points at a potential risk of campylobacteriosis occurrence in Poland. In order to decrease the risk and to avoid cross-contamination of raw poultry, and uncontrolled spread of campylobacters by poultry exudate, it appears advisable to avoid risky practices, including, e.g. bulk delivery of a loosely packed fresh iced poultry to retail outlets, particularly in warmer months of the year, when the risk of campylobacteriosis is elevated.
